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(54) METHOD FOR DIAGNOSING TREEING DEGRADATION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for diagnosing a treeing degradation for non- 
destructively examining presence or absence of occurrence, and occurring state of a treeing even during a 
cable operating without disassembling the cable. 

SOLUTION: The method for diagnosing treeing degradation diagnoses the state of the treeing degradation 
of an electric insulation layer in a cable obtained by covering a conductor with a coating layer containing the 
insulating layer. The method comprises the steps of (1) previously obtaining the relationship between an 
ultrasonic wave reflecting time and a treeing, position in the case of emitting the wave from an outer 
peripheral surface of the cable toward a central direction of the cable, and (2) measuring the wave 
reflecting time at the cable to be diagnosed and obtaining a position of the treeing from the vale and 
relationship obtained in the step (1) to diagnose the state of the treeing degradation of the insulating layer. 
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♦ NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the tree degradation diagnostic approach that the situation of tree 

degradation in the insulating layer of a cable can be diagnosed. 

[0002] 

[Description of the Prior Art] In the electric insulation layer of a cable, it is known that the degradation gestalt 
(henceforth a tree) of arborescence will occur. Generally the electric tree which high electric field concentrate and 
produce in the local defective part of an electric insulation layer as this tree, the water tree which electric field 
concentrate and produce for the moisture which invaded into the electric insulation layer, or the chemistry tree which 
the hydrogen sulfide which invaded into the electric insulation layer, and the copper of a conductor react, and is 
produced is known. 

[0003] When the above-mentioned tree is generated, the problem that the electrical property in an electric insulation 
layer, especially a breakdown-voltage property fall remarkably, and reduce the life of a cable as a result arises. 
Therefore, it is important to discover the tree generated in the electric insulation layer of a cable at an early stage, when 
predicting a cable life. 

[0004] By the way, the above-mentioned tree mainly goes in the direction of a cable periphery with the local defective 
part as the starting point in the interface part of an electric insulation layer and a conductor, or an electric insulation 
layer, and generates and grows up to be a radial in many cases. It is difficult to observe such a tree from the cable 
outside, and when the reason of the insulator being colored further to a cable is opaque, the observation from the cable 
outside is impossible. Therefore, it was impossible to have had to disassemble a cable in the present condition to 
observe a tree, and to have observed the existence and the generating situation of tree generating of an insulator about 
the cable under real operation. 

[0005] This invention offers the tree degradation diagnostic approach that the existence and the generating situation of 
generating of a tree can be investigated in un-destroying during cable operation, without being made in order to cancel 
the above-mentioned technical problem, and disassembling a cable. 
[0006] 

[Means for Solving the Problem] This invention cancels the above-mentioned technical problem by the approach 
shown below. Namely, the approach of this invention is an approach of diagnosing the condition of tree degradation of 
an electric insulation layer in the cable which comes to cover a conductor with the enveloping layer containing an 
electric insulation layer. (1) It asks for the relation between the ultrasonic reflex time at the time of irradiating a 
supersonic wave in the direction of a cable core from a cable periphery front face, and the location of a tree beforehand. 
(2) It is the tree degradation diagnostic approach characterized by measuring the ultrasonic reflex time in the cable used 
as the candidate for diagnostic, asking for the location of a tree from the value and relation called for by (1), and 
diagnosing the condition of tree degradation of an electric insulation layer. 

[0007] That is, although a supersonic wave is used in this invention, the supersonic wave has the property reflected by 
the interface in a different matter side from it, while spreading the inside of the matter of an exposure start point. This 
invention investigates the existence and its generating situation of tree generating using the above-mentioned property 
of a supersonic wave. 

[0008] furthermore, if it explains in detail, since the enveloping layer has the thickness of about 1 law in the cable used 
as the candidate for diagnostic, time amount when a supersonic wave is irradiated in the direction of a cable core 
(conductor), until a supersonic wave reflects and returns from a cable periphery to it is about 1 law. However, when a 
tree is generated in the electric insulation layer of an enveloping layer, since it reflects and the supersonic wave 
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location by the same measurement as the above, the distribution situation of the tree in the electric insulation layer of a 
cable can be grasped, and the thickness in which the electric insulation of an electric insulation layer is possible can 
also be grasped from the above-mentioned tree location, and the condition of tree degradation of an electric insulation 
layer can be diagnosed. 

[0015] Although a supersonic wave is reflected, the inner circumference interface, i.e., the conductor, of an enveloping 
layer, and it returns in the above-mentioned measurement when a supersonic wave is reflected by the tree when the tree 
is generated in the electric insulation layer of an enveloping layer, and return and a tree are not generated since a 
supersonic wave is reflected by the interface with a dissimilar material Depending on the frequency of a supersonic 
wave, it may reflect in an enveloping layer by the interface of an electric insulation layer and other layers, such as for 
example, an internal semi -conducting layer. However, if a sample is produced on the same conditions as a cable 
enveloping layer also in such a case and ultrasonic reflex time is measured on the frequency same about this sample as 
the measurement in a cable, the situation of tree degradation in a cable can be diagnosed from the relation of the 
ultrasonic reflex time and the tree location in a sample. 
[0016] 

[Example] An example of the diagnostic approach of tree degradation of this invention is given to below, and it 
explains to it concretely. The cable which serves as a candidate for diagnostic in this example is a cable which comes to 
cover a conductor only with an electric insulation layer, a conductor is lead wire with a diameter of 7.3mm, this electric 
insulation layer consists of polyethylene, and the thickness is 1.2mm. 

[0017] It faces beforehand in quest of the relation between the ultrasonic reflex time at the time of irradiating a 
supersonic wave in the direction of a cable core in this example from the cable periphery front face of the cable used as 
the above-mentioned candidate for diagnostic, and the location of a tree. Produced the sample of the shape of a sheet 
made into the same thickness using the same ingredient as the electric insulation layer of the above-mentioned cable, 
this sample was made to actually generate a tree, and it asked for the relation between the location of a tree, and 
ultrasonic reflex time by growing up a tree. In addition, the frequency of the supersonic wave at the time of measuring 
ultrasonic reflex time in the above-mentioned sample was set to 10MHz. 

[0018] The tree which the above-mentioned sample was made to generate was a water tree of arborescence generated 
from the lower interface of a sheet-like sample. To drawing 1 , it illustrates about the relation of the die length of an 
arborescence tree and ultrasonic reflex time in this sample. It turns out that ultrasonic reflex time is small, so that the 
die length of drawing 1 to a tree is long, and tree length and ultrasonic reflex time show the relation of a clear inverse 
proportion. Since a tree location turns into an upper limit location of an arborescence tree in the above-mentioned case, 
the relation between a tree location and ultrasonic reflex time is also clear from drawing 1 . 

[0019] Moreover, if generating growth of the tree is not carried out specially, ** also changes the thickness of a sample 
and ultrasonic reflex time is measured about the sample produced from the above-mentioned thing using the same 
ingredient as the enveloping layer ingredient of a cable, since it can consider that the thickness of a sample is the 
distance from the periphery front face of an enveloping layer to a tree location, it can ask for the relation between a tree 
location and ultrasonic reflex time easily. 

[0020] In this example, after asking for the relation between the above-mentioned tree location and ultrasonic reflex 
time beforehand, the ultrasonic reflex time in the cable used as the candidate for diagnostic was measured on the 
frequency of 10MHz of a supersonic wave. Consequently, the ultrasonic reflex time in a cable is 120ns, and the relation 
between this value, and the tree location and ultrasonic reflex time which were shown in drawing 1 showed that the tree 
location in the electric insulation layer of a cable was a 0.6mm place from a conductor. Although it is not necessary to 
exchange this cable immediately now from 1 .2mm in this tree location and thickness of an electric insulation layer, it is 
thought that cautions will be required from now on. 
[0021] 

[Effect of the Invention] The tree degradation diagnostic approach of this invention is an approach of diagnosing the 
condition of tree degradation of an electric insulation layer in the cable which comes to cover a conductor with the 
enveloping layer containing an electric insulation layer. (1) It asks for the relation between the ultrasonic reflex time at 
the time of irradiating a supersonic wave in the direction of a cable core from a cable periphery front face, and the 
location of a tree beforehand. (2) by measuring the ultrasonic reflex time in the cable used as the candidate for 
diagnostic, asking for the location of a tree from the value and relation called for by (1), and diagnosing the condition 
of tree degradation of an electric insulation layer The existence and the generating situation of generating of a tree can 
be investigated in un-destroying during cable operation, without disassembling a cable. Moreover, in the cable which 
comes to cover a conductor with the enveloping layer containing an electric insulation layer, an electric insulation layer 
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is excellent in the precision of a tree degradation diagnosis by being the cable outermost layer. Moreover, when the 
frequency of a supersonic wave is l-50MHz, it excels in the precision of a tree degradation diagnosis. 

[Translation done.] 
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irradiated from the cable periphery returns by the tree, the time amount shortens it. Since the distance from a cable 
periphery to [ from this time amount ] a tree is known, the location of a tree is computable from this distance and 
enveloping layer thickness. Thus, to the enveloping layer of a cable consisting of organic macromolecules, such as 
polyethylene, as for this invention persons, the tree developed the tree degradation diagnostic approach [ un-destroy ] 
shown in this invention paying attention to being formed from different matter as mentioned above from an organic 
macromolecule, and, on the other hand, canceled the above-mentioned technical problem. 
[0009] 

[Embodiment of the Invention] if the cable set as the diagnostic object of the diagnostic approach of this invention is a 
cable which comes to cover a conductor with the enveloping layer containing an electric insulation layer — especially 
a limit - there is nothing - a conductor — single track - a conductor or a stranded wire — you may be a conductor. 
Although there is especially no limit and it has the internal semi-conducting layer, external semi -conducting layer, and 
sheath layer other than an electric insulation layer if an enveloping layer contains an electric insulation layer, it is 
desirable that the outermost layer of an enveloping layer, i.e., the outermost layer of a cable, is an electric insulation 
layer especially from the point of the precision of a diagnosis. 

[0010] In this invention, the situation of tree degradation of the above-mentioned cable is diagnosed. The diagnostic 
approach is explained below at a detail. In this invention, it asks for the relation between the ultrasonic reflex time at 
the time of irradiating a supersonic wave in the direction of a cable core from a cable periphery front face, and the 
location of a tree beforehand first. Since ultrasonic reflex time changes with the enveloping layer ingredient of a cable, 
as for ultrasonic reflex time, in this invention, it is desirable to produce a sheet-like sample using the ingredient as the 
enveloping layer ingredient of a cable with it, and to measure ultrasonic reflex time about this sample. [ desirable for 
example, measuring by the sample using the same ingredient as the enveloping layer ingredient of a cable and ] 
[ same ] 

[001 1] In this invention, it is the sample of the shape of an above sheet, and the sample which made thickness of a sheet 
the same thickness as an enveloping layer is made to actually generate a tree, and you may ask for the relation between 
the location of a tree, and ultrasonic reflex time by growing up a tree, for example. Moreover, in the above-mentioned 
sheet-like sample, you may ask for the relation between the location of a tree, and ultrasonic reflex time by producing 
some things which changed the thickness so that it might become less than the thickness of an enveloping layer, and 
measuring ultrasonic reflex time about these samples. In this case, it is considered that the difference of the thickness of 
a sample and the thickness of an enveloping layer is a tree location, in addition, a tree location — the configuration of a 
tree, and the origin of generating - what kind of thing - be - in the case of a tree which a tree shows the part nearest to 
the periphery front face of an enveloping layer, for example, generates the interface of a conductor and an electric 
insulation layer as an origin, and grew toward the enveloping layer front face, a tree location serves as distance from 
the tree upper limit section to an enveloping layer periphery front face. 

[0012] That what is necessary is just to measure using a commercial ultrasound probe etc., the ultrasonic reflex time in 
the various above-mentioned samples arranges the sheet sample of the above on monotonous, presses the ultrasonic 
dispatch child and receiving child of an ultrasound probe against the front face of this sample, and measures time 
amount after a supersonic wave is sent until it is received. In addition, especially the frequency of a supersonic wave 
has [ the frequency of a supersonic wave ] about l-50MHz desirable in the case of the above-mentioned measurement 
from the point of the precision of a diagnosis. 

[0013] After asking for the relation between the location of a tree, and ultrasonic reflex time as mentioned above next, 
the ultrasonic reflex time in the cable set as the diagnostic object of tree degradation is measured. Although a 
commercial ultrasound probe etc. may be used also in this measurement, in order to raise an adhesive property with a 
cable, as for the sense terminal which made the ultrasonic dispatch child and the receiving child or the ultrasonic 
dispatch child, and the receiving child unify, it is desirable to use a small thing with a diameter of about 5-20mm. 
Moreover, especially the frequency of a supersonic wave has desirable about 1 -50MHz from the point of the precision 
of a diagnosis, and it is desirable to make it the same value as the frequency of the measurement in the above- 
mentioned sample especially from the point of the precision of a diagnosis. 

[0014] Measurement of the ultrasonic reflex time in a cable measures time amount after contacting the sense terminal 
which made the ultrasonic dispatch child and the receiving child unify on the periphery front face of a cable, sending a 
supersonic wave towards a cable core and sending a supersonic wave until it is received. And it can ask for the location 
of the tree in a cable by comparing both value of the ultrasonic reflex time in the cable used as the above-mentioned 
candidate for diagnostic, and relation between the ultrasonic reflex time found previously and a tree location. And in 
the proper part of the circumferencial direction of a cable, and/or a longitudinal direction, by asking for the tree 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the approach of diagnosing the condition of tree degradation of an electric insulation layer in the cable 
which comes to cover a conductor with the enveloping layer containing an electric insulation layer. (1) It asks for the 
relation between the ultrasonic reflex time at the time of irradiating a supersonic wave in the direction of a cable core 
from a cable periphery front face, and the location of a tree beforehand. (2) The tree degradation diagnostic approach 
characterized by measuring the ultrasonic reflex time in the cable used as the object for diagnostic, asking for the 
location of a tree from the value and relation called for by (1), and diagnosing the condition of tree degradation of an 
electric insulation layer. 

[Claim 2] It is the tree degradation diagnostic approach according to claim 1 that an electric insulation layer is a cable 
outermost layer of drum in the cable which comes to cover a conductor with the enveloping layer containing an electric 
insulation layer. 

[Claim 3] The tree degradation diagnostic approach according to claim 1 or 2 that the frequency of a supersonic wave is 
l-50MHz. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing having shown an example of the relation between ultrasonic reflex time and a tree location. 



[Translation done ] 
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DRAWINGS 



[Drawing 1] 
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